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(54) Title: CANNULA HAVING ASYMMETRICALLY-SHAPED THREADS 



(57) Abstract: Methods and apparatus for performing a medical procedure which involves penetrating a bone structure are dis- 
closed- According to one aspect of the present invention, a method for performing a surgical procedure includes introducing an 
assembly that includes a threaded cannula and a stylet into a bone structure. The threads have a shape that allows the cannula tip 
to be pushed into the bone body yet prevent the tip from being pulled out of the bone body. In one embodiment, the threads have a 
buttress shape. The method may also include applying a rotational motion, as for example a torque, to the threaded cannula to adjust 
the depth of insertion with respect to the implantation site when it is determined that the depth of insertion is to be adjusted. 
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CANNULA HAVING ASYMMETRICALLY-SHAPED THREADS 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates generally to an apparatus for facilitating the formation of 
cavities in bone or tissue structures for therapeutic applications. More particularly, the 
present invention relates to cannulae which may be utilized to penetrate bone or other tissue 
for applications involving the injection of or the implantation of material into the bone or 
other tissue. 

2. Description of the Related Art 

In vertebroplasty, cancellous bone of the vertebrae is supplemented with bone 
"cement," e.g.^ polymethylmethacrylate (PMMA) or another filler material, in order to 
provide for anterior and posterior stabilization of the spine in various disease. As will be 
appreciated by those skilled in the art, a vertebra included in the spine includes an exterior 
formed from coitical bone, and an interior formed of cancellous or trabecular bone. 
Vertebroplasty often involves inserting a cannula into a target area of bone or tissue to 
achieve access to an implantation site for the bone cement. 

Percutaneous vertebroplasty is desirable from the standpoint that it is minimally 
invasive as compared to a conventional alternative of surgically exposing a tissue site to be 
supplemented with bone cement. Several procedures are known for accessing a desired site 
in the cancellous bone of a vertebral body, or substantially any other cancellous bone, to 
deliver bone cement or any other suitable hard tissue implant material to stabilize, or build 
up, a site once expanded as taught by U.S. Patent No. 6,280,456, U.S. Patent No. 6,248,110, 
U.S. Patent No. 5,108,404, and U.S. Patent No. 4,969,888, which are each incorporated 
herein by reference. 

To gain access to a hard tissue implantation site, as described in U.S. Patent Nos. 
6,019,776 and 6,933,41 1, which are each incorporated herein by reference, a straight needle 
or cannula in combination with a stylet may be employed. Once access is achieved and the 
stylet is removed from the cannula, bone cement may be delivered through the cannula for 
the purposes of filling the hard tissue implantation site. However, a shortcoming with the 
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above mentioned straight cannula assembly is that once the cannula is driven into the bone 
body, there is no feature and/or structure to grip the bone wall and provide controlled 
advancement of the cannula. 

Another cannula is shown in U.S. Patent No. 65679,886. Referring to Fig. 1, the prior 
art cannula includes threads at a distal portion. However, a shortcoming with the above 
mentioned threaded cannulae is that once the cannula is driven into the bone body, the 
threads are shaped such that the bone tends to be sheared as the cannula is inserted, 
destroying or stripping the bone wall. Consequently, controUably advancing the cannula is 
inhibited. 

What is desirable is a cannula having a thread structure that facilitates convenient 
insertion, minimizes the damage to the bony wall, and maximizes the ability to be driven 
forward by the threads in a controlled manner. 

SUMMARY OF THE INVENTION 

The present invention relates to performing a medical procedure which involves 
penetrating a bone structure. According to one aspect of the present invention, a method for 
performing a surgical procedure includes introducing an assembly that includes a threaded 
cannula and a stylet into a bone structure wherein the threads have an asymmetric profile. 
The method also includes determining when a depth of insertion of the threaded cannula with 
respect to an implantation site of the bone structure is to be adj usted, and applying a 
rotational motion, as for example a torque, to the threaded cannula to adjust the depth of 
insertion with respect to the implantation site when it is determined that the depth of insertion 
of the threaded cannula with respect to the implantation site is to be adjusted. 

In one embodiment, the method also includes withdrawing the threaded cannula from 
the bone structure, which may be a vertebral body, by causing the threaded cannula to rotate. 
In another embodiment, the method includes injecting bone cement into the implantation site, 
through an opening defined within the threaded cannula. 

A cannula with asymmetric-shaped threads is capable of being pushed, driven or 
otherwise hammered into a bone structure or body, and precisely positioned through rotating 
the cannula. When sized appropriately, as for example such that a leading edge of an 
asymmetric thread has a slope relative to a first surface that has a magnitude which is 
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significantly less steep than the magnitude of a slope of a ti^ailing edge of the asymmetric 
thread relative to the same surface, the threads effectively enable the cannula to slide as well 
as rotate to move in a distal direction, while preventing the cannula from sliding to move in a 
proximal direction. The slopes associated with asymmetric threads at a distal end portion of a 
cannula may be selected to enable the cannula to be readily introduced and then driven into a 
bone structure without the application of a significant advancement force, to enable the 
cannula to be precisely positioned, and to effectively prevent the cannula from backing out of 
the bone. 

In another aspect of the invention, the shape or profile of the threads enable the 
cannula assembly to be self tapping. The leading or forward thread surface is shallow and the 
trailing or backward thread surface is relatively steep. This profile tends to minimize the 
bone tissue's resistance to penetration, while maximizing the ability of tlie cannula to be 
driven forward by rotation. 

According to another aspect of the present invention, a cannula for use in a medical 
procedure includes a distal end portion and at least one asymmetric thread that is disposed at 
the distal end portion. In one embodiment, the asymmetric thread includes a dual-start 
thread. In another embodiment, the asymmetric thread is a buttress thread. 

According to another aspect of the present invention, a method for performing 
vertebroplasty includes introducing an assembly that includes a threaded cannula and a stylet 
into a vertebral body, and removing the stylet fi-om within an opening defined within the 
threaded cannula once the assembly is introduced into the vertebral body. The method also 
includes coupling a bone cement delivery system to the threaded cannula, and injecting bone 
cement through the threaded cannula into the implantation site using the bone cement 
deliveiy system. It is then determined if a depth of insertion of the threaded cannula with 
respect to an implantation site of the vertebral body is to be adjusted. When it is determined 
that the depth of insertion is to be adjusted, a rotational motion is applied to the threaded 
cannula to adjust the depth of insertion with respect to the implantation site. Finally, the 
threaded cannula is withdrawn from the vertebral body by unthreading it from the bone when 
the procedure is completed. 

These and other advantages of the present invention will become apparent upon 
reading the following detailed descriptions and studying the various figures of the drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may best be understood by reference to the following description taken 
in conjunction with the accompanying drawings in which: 

Fig. 1 is a diagrammatic representation of a portion of a shaft of a cannula with 
threads at a distal portion. 

Fig. 2A is a diagrammatic representation of a portion of a cannula which includes an 
asymmetrically threaded distal portion in accordance with an embodiment of the present 
invention. 

Fig. 2B is a diagrammatic representation of an assembly which includes an 
asymmetrically threaded cannula and a stylet in accordance with an embodiment of the 
present invention. 

Fig. 2C is an end view of a cannula shown in Fig. 2A. 

Fig. 3 A is a diagrammatic cross-sectional side-view representation of an 
asymmetrically threaded portion of a cannula in accordance with an embodiment of the 
present invention. 

Fig. 3B is a geometric representation of as5niimetric threads, z.e., threads 310 of Fig. 
3 A, in accordance with an embodiment of the present invention. 

Fig. 4 is diagrammatic cross-sectional side-view representation of a distal portion of a 
cannula which includes both asymmetric threads and symmetric threads in accordance with 
an embodiment of the present invention. 

Fig. 5 is a diagrammatic representation of a distal tip of an asymmetrically threaded 
cannula which includes a dual-start thread in accordance with an embodiment of the present 
invention. 

Fig. 6 is a process flow diagram which illustrates the steps associated with one 
method of performing a vertebroplasty procedure using an asymmetrically threaded cannula 
in accordance with an embodiment of the present invention. 

Fig. 7 is a block diagram representation of a kit in accordance with an embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

In further describing the subject invention, the subject devices and systems will be 
described first followed by a description of the subject methods and a summary of the kits 
which include the subject devices for performing the subject methods. 
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Before the present invention is described in detail, it is to be understood that this 
invention is not limited to particular variations set forth herein as various changes or 
modifications may be made to the invention described and equivalents ma)^ be substituted 
without departing from the true spirit and scope of the invention. As will be apparent to those 
of skill in the art upon reading this disclosure, each of the individual embodiments described 
and illustrated herein has discrete components and features which may be readily separated 
from or combined with the features of any of the other several embodiments without 
departing from the scope or spirit of the present invention. In addition, many modifications 
may be made to adapt a particular situation, material, composition of matter, process, process 
act(s) or step(s) to the objective(s), spirit or scope of the present invention. All such 
modifications are intended to be within the scope of the claims made herein. 

Methods recited herein may be carried out in any order of the recited events which is 
logically possible, as well as the recited order of events. Furthermore, where a range of 
values is provided, it is understood that every intervening value, between the upper and lower 
limit of that range and any other stated or intervening value in that stated range is 
encompassed within the invention. Also, it is contemplated that any optional feature of the 
inventive variations described may be set forth and claimed independently, or in combination 
with any one or more of the features described herein. 

All existing subject matter mentioned herein (e.g., publications, patents, patent 
applications and hardware) is incorporated by reference herein in its entirety except insofar as 
the subject matter may conflict with that of the present invention (in which case what is 
present herein shall prevail). The referenced items are provided solely for their disclosure 
prior to the filing date of the present application. Nothing herein is to be construed as an 
admission that the present invention is not entitled to antedate such material by virtue of prior 
invention. 

Reference to a singular item, includes the possibility that there are plural of the same 
items present. More specifically, as used herein and in the appended claims, the singular 
forms "a," "an," "said" and "the" include plural referents unless the context clearly dictates 
othemise. It is further noted that the claims may be drafted to exclude any optional element. 
As such, this statement is intended to serve as antecedent basis for use of such exclusive 
terminology as "solely," "only" and the like in connection with the recitation of claim 
elements, or use of a "negative" limitation. 
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The ability to precisely control the position of a cannula that is used for a surgical 
procedure such as vertebroplasty is desired to enhance the safety and success of the 
procedure. 

Precise control of the translation of the cannula is particularly important for the safety 
of the procedure because there are some anatomic structures which must not be penetrated or 
otherwise compromised during such procedure. For example, blood vessels in the vicinity of 
the bone structure are to be strictly avoided. 

Standard cannulae used for vertebroplasty procedures can be difficult to precisely 
position, as they generally do not include any physical features which would effectively allow 
for accurate positioning. Further, maintaining the position of a cannula once a desired 
position is found may be difficult, as the cannula may slip from the desired position. 

By providing asymmetric threads on at least a distal portion of a cannula, the 
positioning of the cannula may be effectively controlled. Asymmetric threads such as 
butti*ess-type threads enable the distal portion of the cannula to be relatively easily driven 
through bone, while preventing the cannula fi-om being pulled out of or backed out of the 
bone. The presence of asymmetric threads on at least the distal portion of a cannula also 
facilitates the positioning of the distal portion by effectively allowing a certain amount of 
rotational motion to translate into a certain amount of linear motion. 

Fig. 2 A is a diagrammatic representation of a portion of a cannula which includes an 
asymmetrically threaded distal portion in accordance with an embodiment of the present 
invention. A cannula portion 200 includes a shaft portion 204 and a threaded portion 208. 
Threaded portion 208 includes asymmetric threads, described below. In general, an opening 
or lumen defined within cannula portion 200 which enables a stylet (not shown) to be 
positioned therein to facilitate the penetration of threaded portion 208 into a bone structure 
such as a vertebral body. Additionally, a handle 210 may be connected at a proximal end of 
shaft. 

The dimensions of threaded portion 208 may vary depending upon the requirements 
associated with the usage of cannula portion 200. In one embodiment, threaded portion 208 
may include approximately twenty thi'eads per inch, and may occupy approximately one inch 
of cannula portion 200, with a transition portion between threaded portion 208 and shaft 
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portion 204 occupying approximately 0.25 inches. The outer diameter of threaded portion 
208 and, hence, the outer diameter of shaft portion 204 may be up to about 0.2 inches or tlie 
outer diameter may have a gauge size in the range of, for example, between 13 and 8 gauge 
and preferably it is about an 1 1 gauge. It should be appreciated that the dimensions of 
thi^eaded portion 208, and cannula portion 200 in general, may vary widely. 

With reference to Fig. 2B, an assembly which is suitable for penetrating a bone 
structure will be described. Fig. 2B is a diagrammatic representation of an assembly which 
includes an asymmetrically threaded cannula and a stylet in accordance with an embodiment 
of the present invention. An assembly 220 includes a cannula which has a handle 230a that is 
coupled to a shaft or a body 230b. A distal portion of shaft 230b includes threads 234. 
Threads 234 will be discussed below with respect to Figs. 3A-C. 

A stylet which includes a handle 240a, a body 240b, and a tip 240c is arranged such 
that body 240b is positioned within an opening in shaft 230b. Body 240b is sized to enable 
the positioning of body 240b within shaft 230b, i.e,^ an outer diameter of body 240b is sized 
to be less than an inner diameter of shaft 230b. Tip 240c is arranged to protrude through the 
opening in shaft 230b when handle 240a is coupled to handle 230b. 

The asymmetric threads located at a distal portion of a cannula may have various 
shapes and profiles such as, e.g., a buttress, fish-hook, or anchor-type shape. Referring next 
to Fig. 3 A, the shape of asymmetric threads at a distal portion of a c£mnula will be described 
in accordance with an embodiment of the present invention. Fig. 3 A is a diagrammatic cross- 
sectional side-view representation of a threaded portion of a cannula. A portion 302 includes 
a wall 306 on which asymmetric threads 310 are formed. As shown, asymmetric threads 310 
are such that a first, forward, or leading edge 314a of a thread 310 has a slope of a different 
magnitude than a second, backward, or trailing edge 314b of thread 310 relative to a 
horizontal axis 318 of portion 302. Since each individual thread 310 is such that there is no 
axis about which the individual thread 310 is symmetric, the profile of each thread 310 is 
asymmetric. First edge 314a and second edge 314b eire further arranged to have substantially 
different lengths, in one embodiment. 

Threads 3 10 are shaped and sized to enable portion 302 to be readily pushed, 
hammered, or tapped into a bone structure without undue resistance and substantially without 
rotational motion in a distal direction indicated by arrow 320, while preventing portion 302 
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from being easily pulled out of the bone structure without rotational motion or without a 
significant force in a proximal direction indicated by arrow 324. That is, the shape and the 
size of threads 310 are typically selected based on a desired tradeoff between ease of 
insertion in a distal direction and resistance to withdrawal in a proximal direction. Threads 
310 also enable controlled positioning of portion 302 through rotational motion. In general, 
the shape and the size of threads 310 may be chosen based on factors such as the 
cohesiveness of the material from which threads 310 are formed, and the coefficient of 
friction associated with the material. The shape and the size of threads 310 are also typically 
chosen based upon the type of bone material through which threads 3 10 are intended to 
penetrate. 

Fig. 3B is a geometric representation of asymmetric threads, /.e., threads 310 of Fig. 
3 A, in accordance with an embodiment of the present invention. A slope O 330 of first edge 
314a of thread 3 10 is generally less than approximately sixty degrees. Preferably, slope O 
330 is in the range of between approximately five degrees to approximately ten degrees. In 
one embodiment, slope O 330 is approximately seven degrees. 

A slope © 320 associated with second edge 3 14b of thread 3 10 is typically in the 
range of between approximately five degrees to approximately ten degrees, as for example 
approximately seven degrees. However, it should be appreciated that slope 0 320 may have 
substantially any angle that is less than approximately sixty degi^ees. It should be 
appreciated that as shown in Fig. 3b, slope O 330 and slope © 320 are measured relative to 
different reference points, Le,, slope O 330 is measured with respect to a horizontal axis and 
slope 0 320 is measured with respect to a vertical axis. Hence, although slope 0 330 and 
slope 0 320, as defined by their respective reference points, may have similar ranges, threads 
310 are asymmetric. That is, even when both slope 0 330 and slope © 320 are both 
approximately seven degrees, for example, threads 310 are still asymmetric because slope O 
330 is measured relative to a horizontal axis and slope © 320 is measured relative to a 
vertical axis. 

Like slope O 330 and slope © 320, a height H 340 of a thread 310 relative to a base of 
thread 310 and a height D 350 of a thread 3 10 relative to an inner diameter of wall 306 may 
also be widely varied. Although height H 340 may have a value of approximately 0.006 
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inches in one preferred embodiment, height H 340 may generally have substantially any 
height, as for example a height in the range of between approximately 0.003 inches and 0.01 
inches. Height D 350 may be in the range of, for example, approximately 10% to 14% of the 
diameter of the cannula. In a preferred embodiment, when height H 340 has a value of 
approximately 0.006 inches, height D 350 ma}/ have a value of approximately 0.016 inches. 
H may be 40% to 60% of dimension D. Additionally, ^ 330 may be in the range of, for 
example, 2 to 50 degrees and slope 0 320 may be in the range of, for example, -20 to 20 
degrees. 

Another consideration of selecting the shape of the threads is to facilitate insertion of 
the cannula without damaging passageway integrity. Consequently, the low angle threads 
may bite and grip the bone wall. In contrast, threads that have a symmetric profile tend to 
strip the passageway wall when hammered into the bone. Threads cannot grip or be 
controlled in a stripped passageway. 

A cannula which includes threads with an asymmetric profile may also include 
symmetric-profile threads. The thread profile may vary along the cannula. In the 
embodiment shown in Figure 4, the thread profile varies progressively from asymmetric to 
symmetric. The pitch is constant in this embodiment. 

Relatively precise positioning control using asymmetric threads may be achieved 
when substantially only the threads at the most distal end of the distal end portion of the 
cannula are asymmetric, while the threads that are at the more proximal end of the distal end 
portion are symmetric. The number of asymmetric threads may be chosen to be enough to 
enable the distal end portion to be driven into a bone structure and gain purchase. Fig. 4 is a 
partial diagrammatic cross-sectional side-view representation of a distal portion of a cannula 
which includes both asymmetric threads and symmetric threads in accordance with an 
embodiment of the present invention. A portion 400 of a caimula includes a wall 406 on 
which thi-eads 410a, 410b, 410c, 41 Od are formed. Threads 410a, which are closer to a distal 
tip of the cannula, have an asymmetric profile-, whereas threads 410d have a symmetric 
profile. While threads 410d are shown as having substantially triangular profiles, it should be 
appreciated that threads 410d may have any suitable symmetric profile, e.g., a substantially 
trapezoidal profile. Also, the threads may vary progressively, or immediately fi-om 410a to 
410d. 
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Fig. 5 is a diagrammatic representation of a distal tip of an asymmetrically threaded 
cannula which includes a dual-start thread in accordance with an embodiment of the present 
invention. Distal tip 500 includes a dual-stall area 5 10 of threads 5 12, as well as a thread 
transition area 514 between threads 512 and an shaft portion 520 of the overall cannula which 
includes distal tip 500. When distal tip 500 is introduced into a bone structure, dual-start area 
510 contacts the bone structure and facilitates the introduction of the remainder of distal tip 
500 into the bone structure. Dual start tip allows threads to gain purchase at one or two 
vertices (522 a^b). 

With reference to Fig. 6, one method of performing a vertebroplasty procedure using 
a cannula with an asymmetrically threaded distal portion will be described in accordance with 
an embodiment of the present invention. It should be appreciated that various steps which are 
typically included in a vertebroplasty procedure are not described for ease of discussion. 
Such steps may include, but are not limited to, the anesthetization of skin in the vicinity of 
the bone structure which is to be penetrated, the preparation of bone cement, the verification 
of the proper positioning of the tip of the cannula, and the determination of when sufficient 
bone cement has been injected into an implantation site. 

A process 600 of performing a vertebroplasty procedure begins at step 604 in which 
an area of a bone structure, e.g., an area of a vertebral body, into which an asymmetrically 
threaded cannula and stylet assembly is to be inserted is identified. A surgeon or a user may 
identify an external landmark which is to be penetrated in order to access the target area of a 
bone sti'ucture within the patient. Such identification process may be visually assisted by 
fluoroscopy or other imaging techniques known in the surgical arts. Once the area of the 
bone structure is identified, the asymmetrically threaded cannula and stylet assembly is 
tapped into the bone structure in step 608. The driving may be carried out using a mallet or 
other device which applies a force, as for example a non-rotational force, to the 
asymmetrically thi'eaded cannula. 

When necessary, in step 612, the asymmetrically threaded cannula may be advanced 
through rotation to control the position or depth of the distal tip of the asymmetrically 
threaded cannula with respect to an implantation site in the bone structure. It should be 
appreciated that although the asymmetrically threaded cannula may effectively be driven 
closer to the unplantation site or backed fiirther out from the implantation site substantially 
without utilizing the asymmetric threads, z.e., effectively without rotation, the ability to rotate 
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the asymmetrically threaded cannula allows the amount by which the threaded cannula may 
be driven closer or backed further out from the implantation site to be controlled. 

The pitch of the asymmetric threads is used to correlate the amount of rotation of the 
cannula to the amount by which the tip of the cannula may translate. Hence, by altering the 
pitch of the asymmetric threads, the amount by which the cannula moves distally or 
proximally for each 360 degree turn of the cannula may be varied. By way of example, in 
one embodiment, when there are approximately twenty threads per inch, one approximately 
360 degi'ee turn of the cannula in a clockwise direction may move the tip of the cannula 
forward or distally by approximately 2.5 millimeters [mm], while one approximately 360 
degree turn of the cannula in a counter clockwise direction may back out the tip of the 
cannula or move the tip of the cannula proximally by approximately 2.5 mm. 

From step 612, process flow moves to step 616 in which the stylet is removed from an 
opening defined within the shaft of the asymmetrically threaded cannula. Once the stylet is 
removed, bone cement, or a filler material, may be injected through the opening defined 
within the shaft of the asymmetrically threaded cannula into the implantation site in step 620. 
Typically, the injection of bone cement into the implantation site includes connecting flexible 
tubing to the cannula to enable the bone cement to be delivered. 

During the course of injecting bone cement into the implantation site, m the event that 
the implantation site is a relatively large cavity, retrograde filling of the implantation site may 
be necessary. When retrograde filling is necessary, while bone cement is in the process of 
being injected into the implantation site, the asymmetrically threaded cannula is gradually 
backed out of, or moved proximally, with respect to the implantation site. Hence, when 
retrogi-ade filling is used, the asymmetrically threaded cannula may be rotated in step 624 as 
needed to control the position of the distal tip of the asymmetrically threaded cannula to 
allow for retrograde filling. The ability to precisely control the position of the distal tip 
through the rotation of the asymmetrically threaded cannula reduces the likelihood that the 
bone cement will dry while the position of the distal tip is being adjusted. 

In step 628, once the implantation site is sufficiently filled with bone cement, the 
asymmetrically threaded cannula is removed from the bone structure using a rotating motion. 
Upon removal of the asymmetrically threaded cannula, the process of performing a 
vertebroplasty procedm-e is completed. 
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Also provided by the present invention are kits that include the devices as described 
above. Fig. 7 is a block diagram representation of a kit in accordance with an embodiment of 
the present invention. A kit 700 may include, but is not limited to including, at least one 
asymmetrically threaded cannula 704, a bone cement injection delivery system 708, and at 
least one stylet 706. It should be appreciated that a plurality of stylets 706 may be provided 
for use in a variety of applications. In addition, a subject kit such as kit 700 typically 
includes instructions 710 for using the subject systems, e.g., asymmetrically threaded cannula 
704 and stylet 706, in methods according to the subject invention. Instructions 710 for 
practicing the subject methods are generally recorded on a suitable recording medium. For 
example, the instructions may be printed on a substrate, such as paper or plastic, etc. As 
such, instructions 710 may be present in the kits as a package insert or in the labeling of the 
container of the kit or components thereof, /.e., associated w^ith the packaging or 
subpackaging. In other embodiments, instructions 710 are present as an electronic storage 
data file present on a suitable computer readable storage medium, e.g., CD-ROM, DVD, 
diskette, etc. In yet other embodiments, the actual instructions are not present in the kit, but 
means for obtaining the instructions from a remote source, e.g., via the Internet, are provided 
in lieu of instmctions 710. An example of this embodiment is a kit that includes a w^eb 
address where the instructions can be yiewed and/or from which the instructions can be 
downloaded. As with the instructions, this means for obtaining the instructions is recorded 
on a suitable substrate. 

Although only a few embodiments of the present invention have been described, it 
should be understood that the present invention may be embodied in many other specific 
forms without departing from the spirit or the scope of the present invention. By way of 
example, while a cannula with an asymmetrically threaded distal portion has been described 
as being suitable for use in vertebroplasty procedures involving vertebral bodies, such a 
cannula may be used with a variety of other medical, particularly surgical, procedures. In 
general, asymmetric threads may be implemented on substantially any cannula which is used 
to penetrate bone. Further, asymmetric threads may be applied to other surgical devices, e.g., 
a biopsy needle or a stylet, in which bone penetration or hard tissue penetration may be 
needed. 

The pitch and the configuration of the asymmetric threads on a cannula may vary 
depending upon the type of bone the cannula is intended to penetrate. For example, the back 
edge of a thread may have a relatively steeper angle for the penetration of softer bone than for 
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harder bone. Further, the front edge of a thread may also have a relatively steeper angle for 
softer bone than for harder bone. In addition, while an asymmetric thread has been described 
as being a buttress thread, an asymmetric thread may generally be substantially any type of 
thread which has an asymmetric profile and is suitable for facilitating the ability for the distal 
end portion of a cannula to slide distally through bone but not slide proximally through the 
bone. Threads with a generally barb-like profile, for instance, may be suitable for use. 

In addition to the asymmetric threads of a cannula having a pitch and shapes that may 
vary, the size of an asymmetrically threaded cannula and the material jQrom which such a 
cannula is formed may also vary. For instance, the cannula may be a 10.5 gauge cannula, or 
an 8 gauge cannula, and the caxmula may be formed from any suitable biocompatible 
material. In one embodiment, the cannula may be formed jfrom stainless steel. 

While the asymmetric threads on a cannula have been described as being disposed on 
a distal end portion of the cannula, it should be appreciated that the asymmetric threads or 
threads in general are not limited to being disposed on the distal end portion of the cannula. 
In one embodiment, threads may extend past the distal end portion of the cannula, as for 
example substantially all the way to the proximal end of the cannula. 

Additionally, threads may be provided on the stylet such that the stylet may bite into 
the bone or assist the cannula in biting into a bone structure. In a sense, asymmetric-shaped 
threads may adapt a standard cannula assembly into a self tapping cannula assembly. An 
example of a threaded stylet is shown in U.S. Patent 6,383,190, 

The fomiation of threads on a cannula may be achieved using any of a variety of 
different manufacturing processes. Manufacturing processes used to form the threads may 
include, but are not limited to, processes which utilize lathes, mills, and the like. 

The steps associated with method of using a cannula with an asymmetrically threaded 
distal portion for a vertebroplasty procedure may vary widely. Steps may be added, removed, 
reordered, or altered without departing from the spirit or the scope of the present invention. 
By way of example, instead of rotating the cannula to advance the cannula with respect to an 
implementation site, the cannula may instead be driven distally with respect to the 
implementation site without benefit of rotation. Additionally, the cannula/stylet assembly 
may be used in a various surgical procedures such as, for example, biopsy procedures (as 
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described in for example. United States Pat. Application No. 10/269,926), bone cement 
injection procedures, and other types of surgical procedures where the advantages set forth 
herein. 

Therefore, the present examples are to be considered as illustrative and not restrictive, 
and the invention is not to be limited to the details given herein, but may be modified within 
the scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1 . A method for performing a surgical procedure comprising: 
introducing an assembly into a bone structure, the assembly including a threaded 

cannula and a stylet positioned at least partially within an opening defined within the 
threaded cannula; and 

applying a rotational inotion to the threaded cannula to adjust the depth of insertion 
with respect to an implantation site; 

wherein said threaded cannula comprises a thread having a shape that facilitates the 
cannula being pushed into the bone structure during the introduction step and for being driven 
into said bone structure during the applying step. 

2. The method of claim 1 further including: 

withdrawing the threaded cannula from the bone structure, wherein withdrawing the 
threaded cannula from the bone structure includes rotating the threaded cannula. 

3. The method of claim 1 further hicluding: 

removing the stylet from within the opening defined within the threaded cannula. 

4. The method of claim 1 fvirther including: 

injecting a bone cement into the implantation site, wherein injecting the bone cement 
includes injecting the bone cement through the opening defined within the threaded cannula. 

5. The method of claim 1 wherein the surgical procedure is a vertebroplasty 
procedure, and the bone structure is a vertebral body. 

6. The method of claim 1 wherein the threaded cannula includes a plurality of 
asymmetric-shaped threads, and wherein applying the rotational motion to the threaded 
cannula includes at least one of rotating the threaded cannula in a first direction to advance 
the threaded cannula distally and rotating the threaded cannula in a second direction to 
withdraw the threaded cannula proximally. 

7. The method of claim 6 further including: 

driving the threaded cannula distally by applying a non-rotational force to the 
threaded cannula. 
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8. The method of claim 1 wherein introducing the assembly into the bone 
structure includes applying a force to the threaded cannula by driving the threaded cannula. 

9. A cannula for use in a medical procedure, the cannula comprising: 
a distal end portion; and 

at least one asymmetric-shaped thread, the at least one asymmetric-shaped thread 
being disposed at the distal end portion. 

10. The cannula of claim 9 wherein the at least one asymmetric-shaped thread 
includes a dual-start thread. 

1 1 . The cannula of claim 9 wherein the at least one asymmetric-shaped thread is 
buttress-shaped. 

12. The cannula of claim 9 further including at least one symmetric thread, the 
symmetric thread being disposed proximally with respect to the at least one asymmetric- 
shaped thread at the distal end portion. 

13. The cannula of claim 9 wherein the at least one asymmetric-shaped thread 
includes a first edge having a first slope relative to a first direction and a second edge having 
a second slope relative to a second direction that is approximately perpendicular to the first 
direction, the first slope havmg an angle of between approximately 3 degrees and 
approximately 50 degrees, the second slope having an angle of between approximately -10 
degrees and approximately +10 degrees. 

14. A kit comprising: 

a cannula, the cannula including at least one asymmetric-shaped thread; 
a stylet adapted to fit within and be removed from said cannula; and 
a bone cement injection delivery system, said bone cement injection delivery system 
having a connector to fluidly connect said delivery system to said carmula such that bone 
cement may be delivered from said system through said cannula to a target site. 

1 5 . The kit of claim 1 4 wherein the at least one asymmetric-shaped thread 
includes a first edge having a first slope relative to a first direction and a second edge having 
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a second slope relative to a second direction that is approximately perpendicular to the first 
direction, the first slope having an angle of between approximately 3 degrees and 

approximately 50 degrees, the second slope having an angle of between 
approximately -10 degrees and approximately +10 degrees. 

16. The kit of claim 14 wherein the at least one asymmetric-shaped thread 
includes a dual-start thread. 

17. A method for performing vertebroplasty comprising: 

introducing an assembly into a vertebral body, the assembly including a cannula 
having threads with an asymmetric profile and a stylet positioned at least partially within an 
opening defined within the threaded cannula; 

removing the stylet from within the opening defined within the threaded cannula; 

coupling a bone cement delivery system to the threaded cannula; 

injecting bone cement through the threaded cannula into the implantation site using 
the bone cement delivery system; 

determining when a depth of insertion of the threaded cannula with respect to an 
implantation site of the vertebral body is to be adjusted; 

applying a rotational motion to the threaded cannula to adjust the depth of insertion 
with respect to the implantation site when it is determined that the depth of insertion of the 
threaded cannula with respect to the implantation site is to be adjusted; and 

withdrawing the threaded cannula from the vertebral body . 

1 8 . The method of claim 1 7 wherein the threaded cannula includes more than 1 0 
asymmetric-shaped threads. 

19. The method of claim 18 wherein the at least one asymmetric-shaped thread 
includes a first edge having a first slope relative to a first direction and a second edge having 
a second slope relative to a second direction that is approximately perpendicular to the first 
direction, the first slope having an angle of between approximately 3 degrees and 
approximately 50 degrees, the second slope having an angle of between approximately -10 
degrees and approximately +10 degrees. 

20. The kit of claim 17 wherein said stylet comprises a threaded distal portion. 
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